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(57) A pulley unit, in particular for an internal com- 
bustion engine, comprises a liub (3) for a driving sliaft, 
a ring-shaped element (5) externally coaxial to the hub 
(3) and having a seat for the engagement by a belt, and 
a connection device (14, 15) interposed between the 
hub (3) and the ring-shaped element (5). The connec- 
tion device (14, 15) is adapted to undergo elastic defor- 
mations in consequence of the tendency of the hub (3) 
to assume a speed different from that one of the ring- 
shaped element (5), in order to carry out the function of 
a flexible coupling at least for small variations of said 
speed difference. The connection device (14, 15) has a 
behaviour different depending on the tendency of the 
hub (3) to rotate faster or slower than the ring-shaped 
element (5). When the tendency of the hub (3) to rotate 
faster than the ring-shaped element (5) increases, the 
device assumes the behaviour of a flexible coupling with 
increasing stiffness, while in the opposite case the con- 
nection device tends to uncouple the hub (3) from the 
ring-shaped element (5). 
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Description 

[0001] The present invention generally refers to pulley 
units, in particular for internal combustion engines. 
[0002] The driving of auxiliary apparatuses of nnotor- 
vehicle engines, such as the alternator, the power steer- 
ing punnp and the air conditioner connpressor shaft, is 
carried out in the ainnost totality of the cases by nneans 
of a belt which is driven Into rotation by a driving pulley 
secured to an end of the engine crankshaft. The trans- 
nnission of the nnotion fronn the crankshaft to the driven 
pulleys of the auxiliary apparatuses, is affected by the 
fact that the rotating movement of the crankshaft has 
periodic fluctuations of variable amplitude and frequen- 
cy. Since the belt constitutes the connection member 
between the driving pulley and the driven pulleys, it un- 
avoidably transmits such fluctuating movements to the 
driven members. This fact has, in principle, the result 
that variable forces are applied to the belt and to the 
shafts of the auxiliary apparatuses, with the possibility 
of generating vibrations and noises which are transmit- 
ted to the auxiliary apparatuses, with troubles for their 
operation and with a reduction of comfort for the pas- 
sengers of the vehicle. 

[0003] IVIoreover, since auxiliary apparatuses with 
more and more high absorption of power, and conse- 
quently with a greater inertia, are associated to modern 
motor-vehicle engines, the belt tends to be dragged by 
the driven pulleys of the auxiliary apparatuses at a 
speed greater than that of the driving pulley, due to fluc- 
tuating movements of the crankshaft and in some oper- 
ational situations, like as a result of a sharp deceleration 
of the engine. Under these circumstances, conditions of 
very high tension of the belt may arise, which may cause 
the sliding of the belt with respect to the driving pulley. 
[0004] In general, the belt is kept tightened by an au- 
tomatic tightening device, the position of which varies in 
order to ensure that the tension of the belt is as most 
constant as possible. Vibrations induced by irregular ro- 
tating movements of the crankshaft or by sharp varia- 
tions of the crankshaft rotating speed rate, cause di- 
shevelled movements of the tightener, with large ampli- 
tude oscillations. This operational condition opposes to 
the attainment of the objects of duration, reliability and 
noiselessness wished by the engine makers. 
[0005] I n the attempt to obviate these drawbacks, and 
in consideration of the fact that the amplitudes of the 
crankshaft angular vibration cannot be usually reduced, 
it is necessary to reduce the amplitude of the vibrations 
transmitted from the driving pulley to the belt and from 
the belt to the driven pulleys of the auxiliary apparatus- 
es, by using devices of the passive type. In practice, it 
is necessary to insert additional devices in the belt trans- 
mission system, unavoidably involving constructive, de- 
sign and setup complications, as well as an increase of 
the costs. 

[0006] Usually, a torsional oscillation damper is asso- 
ciated to the driving pulley, for example coaxially side- 



ways on it, in order to reduce the high frequency torsion- 
al vibrations of the crankshaft. 

[0007] For economy and space reasons, both the pul- 
ley and the torsional oscillation damper functions can 

5 be integrated into a single member secured on the 
crankshaft, such a member carrying out the damper 
function and having on its outer periphery one or more 
racesforthe engagement by the belt. In this regard, pul- 
leys have been recently used incorporating a flexible 

10 coupling in order to oppose the transmission to the belt 
of vibrations generated by the fluctuating operation of 
the crankshaft, in engines of motor-vehicles of high or 
upper-middle class. These pulleys have a hub radial in- 
ner portion and a pulley radial outer portion on which 

15 races for the engagement by the belt are formed, be- 
tween which an annular insert of an elastomeric material 
is interposed, which is fixed to the radial inner portion 
and to the outer portion. However, the flexible coupling 
of these pulleys has not proven to be fully reliable in op- 

20 eration. In fact, in order to effectively filter the vibrations 
of the driving shaft, this coupling should be, on the one 
hand, very yielding and elastic in order to allow a high 
damping of the shaft torsional oscillations in a wide field 
of the oscillation frequencies, and on the other hand, 

25 very sturdy and resistant for being able to transmit, with- 
out enduring damages, the high average torques ab- 
sorbed by the auxiliary apparatuses. Actually, the stur- 
diness of the elastomeric insert must be reduced for al- 
lowing the coupling to carry out the function of an elastic 

30 filter for the vibrations. However, due to the fact that the 
characteristics of the material of the insert must consti- 
tute a compromise between the opposite requirements 
indicated above, a scarce efficiency of the coupling aris- 
es and, in any case, a great difficulty of system setup. 

35 In the more common case, this coupling introduces a 
substantially "symmetrical" elastic behaviour with re- 
spect to the tendency of the hub portion to rotate faster 
or slower than the pulley portion. The aforesaid compro- 
mise unavoidably leads to high stresses of the elasto- 

40 meric insert, whereby rt tends to be damaged until it 
breaks after a life cycle which is well shorter than the 
average life of the motor-vehicle on which the engine is 
installed, with a consequent detriment of the operation 
of the engine. 

45 [0008] Another element unfavourable to the use of 
pulleys incorporating a flexible coupling of the type de- 
scribed above, consists of the need to "syntonize" the 
flexible coupling in function of the installation on which 
it will have to be used, that is taking into account the 

50 power absorbed by the specific auxiliary apparatuses 
associated to the engine as well as their inertia, making 
these pulleys not very operationally flexible since they 
can be scarcely adapted to installations which may be 
equipped with various combinations of auxiliary appa- 

55 ratuses. 

[0009] Because of the normally great flexibility due to 
the presence of the elastomeric material insert, these 
known couplings have a large amplitude resonance 
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comprised in the range of the engine speeds between 
the electric start and its slow running. The positioning of 
this resonance is particularly important from the operat- 
ing point of view, since it must be chosen so as to be far 
away both from the slow running speed and from the 
electric start speed. The presence of the elastomeric 
material insert makes the attainment of this target par- 
ticularly difficult, since the characteristics of stiffness of 
the insert vary strongly with the temperature variations, 
causing a variation of the resonance angular speed of 
the coupling. Sincethe passage atthe resonance speed 
may cause the complete separation of the belt from one 
or more of the driven pulleys of the auxiliary apparatus- 
es, with various drawbacks and a noise which can be 
perceived in the passenger compartment, the fact that 
the resonance speed can vary with thetemperaturecon- 
stitutes a further drawback making the setup even more 
complex. 

[0010] In order to avoid the breaking of the elastomer- 
ic insert of the coupling or, as an alternative, of the belt 
or of its tightening device, in the case of sudden decel- 
erations of the engine, the measure has been used to 
add afreewheel device or overrunning joint on the pulley 
shaft of one of the auxiliary apparatuses, typically on the 
shaft of the alternator which usually has an inertia great- 
er than that of the other auxiliary apparatuses, with a 
consequent increase of the costs of the entire system. 
[0011] The freewheel device which is added in this 
case to the belt transmission system, has also the draw- 
back to generate impulsive stresses in the stretched 
branch of the belt, in consequence of the fact that the 
engaging action generated by it is discontinuous, since 
it is determined by the matching, in dynamic conditions, 
of two masses which were separated beforehand. 
[0012] Under the circumstances, the whole formed by 
a flexible coupling provided with an elastomeric insert 
and associated with the driving pulley, and by a tradi- 
tional freewheel device associated with the driven pulley 
of the alternator, constitutes a generally complex solu- 
tion, which ensues to be very difficult to setup and of 
high cost. 

[001 3] EP-A-980479 describes a pulley unit intended 
to be mounted on the shaft of an alternator of a motor 

vehicle, including a hub and a pulley rotatably mounted 
coaxially outside the hub, which is adapted to be en- 
gaged by a belt. Between the hub and the pulley a con- 
nection mechanism is interposed, which comprises an 
elastic element and a unidirectional clutch assemby. 
The elastic element can be constituted by at least one 
metallic spring, as for example of the spiral type, having 
an end fixed to the hub and the opposite end connected 
to the unidirectional clutch assembly. The latter consists 
in a band wound around the spring, a layer of friction 
material being applied on its outer surface for the en- 
gagement of an inner cylindrical surface of the pulley 
portion of the unit. During the phases of acceleration and 
rotation with constant speed of the pulley, that is when 
the pulley tends to rotate faster than the hub or at the 



same speed, the unidirectional clutch assembly assu res 
the integral dragging of the hub thanks to the engage- 
ment of the friction material with the inner cylindrical sur- 
face of the pulley. In the deceleration phases, that is 

5 when the pulley tends to rotate slower than the hub, the 
clutch unit allows the free rotation of the pulley with re- 
spect to the hub. This known pulley unit has the typical 
disadvantages of the systems provided with a free- 
wheel device associated to a driven pulley, mainly con- 

10 sisting in the generation of impulsive stresses in the 
stretched branch of the belt. Then , the fact that an elastic 
connection element is present on the driven pulley of 
the alternator or of another auxiliary apparatus, increas- 
es the own frequencies of the belt transmission system, 

15 with a consequent shifting of the system resonance in 
the field of the frequencies of normal use of the motor, 
which originates annoying vibrations. Moreover, with 
such a solution, only the auxiliary apparatus provided 
with this pulley unit can enjoy operational benefits in 

20 some operating conditions, while these benefits are not 
perceived by the other auxiliary apparatuses. 
[001 4] More specifically, the present invention relates 
to a pulley unit comprising: 

25 - ahub intended to be fastened at the end of a driving 
shaft, such as the crankshaft of an internal combus- 
tion engine, 

a ring-shaped element externally coaxial to the hub 
and having a peripheral seat for the engagement by 
30 a belt which is wound round the pulley unit, and 

connection means interposed between the hub and 
the ring-shaped element, said means being adapt- 
ed to undergo elastic deformations as a result of the 
tendency of the hub to assume a speed different 
35 from that of the ring-shaped element, in orderto car- 
ry out the function of a flexible coupling at least for 
small variations of said speed difference, said con- 
nection means having a behaviour different de- 
pending on the tendency of the hub to rotate faster 
40 or slower than the ring-shaped element, such that 
with the increase of the tendency of the hub to rotate 
faster than the ring-shaped element, said means 
assume the behaviour of a flexible coupling with in- 
creasing stiffness, while with the increase of the ten- 
45 dency of the hub to rotate slower than the ring- 
shaped element, said means tend to make the hub 
uncoupled from the ring-shaped element. 

[0015] A device known of the type defined above is 
50 described for example in DE-A-4407157. This device, 
which is intended to dampen the oscillations of a crank- 
shaft of an internal combustion engine, comprises a pul- 
ley provided with an integral annular mass of compen- 
sation, rotatably mounted on a hub fastened to an end 
55 of the crankshaft, with the interposition of a bearing. An 
elastic connection mechanism is also interposed be- 
tween the hub and the pulley, which comprises a coil 
spring coaxial with the hub, having a first end anchored 
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to the pulley and the second end arranged in sliding con- 
tact on the outer radial surface of the hub by a friction 
block. 

[001 6] However, this known device has not proven to 
be effective in the operation and has also the disadvan- 
tage of having relatively wide axial dimensions. Moreo- 
ver, due to the fact that it is provided with a coil spring 
having a plurality of coiis in contact with the external sur- 
face of the pulley hub, important vibrations are originat- 
ed during the operational conditions in which the pulley 
is blocked with respect to the hub, with consequent 
squeaks and noises, which cannot be accepted in view 
of the practical use of the device. 
[0017] In order to eliminate the drawbacks of the 
above mentioned prior art, the subject of the invention 
is a device of the type defined above, characterized in 
that the con nection means comprise at least one metal- 
lic spiral spring wound so as to undergo a compressive 
stress when a tendency originates in the hub to rotate 
faster than the ring-shaped element. 
[0018] Thanks to such characteristic, the device ac- 
cording to the invention has turned out to be particularly 
effective in use and such as to guarantee an extended 
life of the belt/pulley transmission system, with costs 
considerably lower than those of the whole constituted 
by the elastomeric flexible coupling on the driving pulley 
as well as by the freewheel device associated with the 
driven pulley of the alternator. It has moreover a more 
compact structure, to full advantage of the reduction of 
the space covered in the engine compartment of the mo- 
tor-vehicle, and it makes the setup and "syntonization" 
easier. Furthermore, the behaviour of the flexible cou- 
pling is substantially independent from the temperature, 
differently from what happens with the elastomeric flex- 
ible coupling of the prior art. 

[0019] According to a preferred feature of the inven- 
tion, the pulley unit incorporates a torsional vibration 
damping device. 

[0020] In this way, it is possible to reduce the possi- 
bility of transmission of the crankshaft vibrations to the 
belt and to its tightening device, as well as to reduce the 
possibility of amplification of such vibrations. 
[0021] Further characteristics and advantages of the 
invention will become more clearly evident from a read- 
ing of the following detailed description, provided purely 
by way of a not limitative example and referred to the 
attached drawings, in which: 

figure 1 is a sectional lateral elevational view of a 
pulley unit according to a first embodiment of the 
invention, 

figure 2 is a front elevational view, sectioned along 
the line ll-ll of figure 1 , 

figure 3 is a lateral elevational and sectional view of 
another embodiment of the pulley unit according to 
the invention. 



figure 4 is a rear elevational view, sectioned along 
the line IV-IV of figure 3, 

figure 5 is a lateral sectional elevational view of a 
5 modification of the pulley unit illustrated in figures 3 
and 4, and 

figure 6 is a front elevational view, sectioned along 
the line VI-VI of figure 5. 

[0022] With initial reference to figures 1 and 2, a pulley 
unit according to a first embodiment of the invention is 
indicated as a whole with reference numeral 1 . 
[0023] The unit 1 comprises a hub 3 having a central 
hole 2 for fastening it at the end of a shaft, for example 
of the crankshaft of an internal combustion engine, 
around which a plurality of holes 4 are made for fixing 
the hub 3. 

[0024] Goaxially and outside the hub 3, a ring-shaped 
element 5 is freely rotatably mounted, such element 
having a first outer axial wall 5a on which a plurality of 
circumferential races are formed, which are intended to 
be engaged by corresponding ribs of a flexible belt (not 
illustrated). From the wall 5a, a first radial annular wall 
5b extends towards the hub 3, to which a second axial 
wall 5c is connected, From the wall 5c a second radial 
annular wall 5d extends, still towards the hub 3. 
[0025] Moreover, a torsional damper 7 is preferably 
fixed to the hub 3, which damper comprises a bell- 
shaped flange 7a and an annular body 7b constituting 
the inertial mass of the damper 7, An insert 9 of elasto- 
meric material is interposed between the flange 7a and 
the body 7b, and has the function of elastically connect- 
ing the flange 7a and the body 7b. As an alternative to 
the solution of the torsional damper 7 incorporated in 
the unit 1 , a torsional damper separated from the ring 5 
can be arranged, and placed, for example, sideways on 
the ring 5. 

[0026] With reference to the structure of the unit 1 il- 
lustrated in figures 1 and 2, that is with the torsional 
damper 7 incorporated in the unit, a plain bearing 10 
having an L-shaped cross-section is interposed be- 
tween the walls 5c and 5d of the element 5, on the one 
hand, and the bell-shaped flange 7a on the other hand, 
Another plain bearing 11 having a flat ring shape is in- 
terposed between the wall 5d of the element 5 and an 
elastic ring 1 2 which is parallel to the wall 5d and is con- 
nected to the radial outer wall of the hub 3, indicated 
with the reference 3a. The elastic ring 1 2 applies a com- 
pression load so as to preload the bearing 11 and the 
portion of the L-shaped bearing 1 0 parallel to it, in order 
to keep the element 5 adjacent to the bell-shaped flange 
7a, while the portion of the bearing 10 which is parallel 
to the wall 5c of the element 5 has the function to control 
the load applied by the belt to the unit 1 . 
[0027] The walls 5c and 5d of the element 5 and the 
radial outer surface 3a of the hub 3 define an annular 
cavity 13 which is closed towards the outside by an an- 
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nular cover 13a, at its portion opposite to the flange 7a. 
Connection nneans of the hub 3 and the ring-shaped el- 
ement 5 are arranged inside the cavity 13, these means 
being elastically deformable as a result of the tendency 
of the hub 3 to assume a speed different from that of the 
ring-shaped element 5, in orderto carry out the function 
of a flexible coupiing between the hub 3 and the element 
5 in a range of substantially small variations of the speed 
difference between the hub 3 and the element 5. 
[0028] The connection means are preferably made by 
means of metallic spiral springs 14 and 15 having rec- 
tangular cross-section, which are wound round the hub 
3 in the direction of the angular rotation of the hub 3 
indicated by the arrow A in figure 2, in such a way that 
they are subject to a compression load when the hub 3 
tends to rotate faster than the ring-shaped element 5, 
as will become more clear in the following. As an alter- 
native to the solution illustrated in the figures, which 
comprises two spiral springs, only a single spiral spring 
could be used, or a number of spiral springs greaterthan 
two. Moreover, the spring orthe springs used could have 
a cross-sectional shape different from the rectangular 
one, for example circular. In addition, the term "com- 
pression" or "compressive" used in the description and 
in the appended claims for indicating a kind of load to 
which the spiral springs are subject, should be intended 
as a synonym of "compression/bending" or "combined 
compressive and bending stress", and is used for indi- 
cating the opposite of the l<ind of load to which the com- 
mon helical springs are subject, which is mostly torsion- 
al. 

[0029] The springs 14 and 15 have each a first end 
14a, 15a arranged within a respective seat 3b, 3c 
formed in the hub 3. Preferably, each of the seats 3b, 
3c is slightly slanted with respect to the radial direction 
of the hub 3 in order to be open in the direction of the 
rotation of the hub 3. The second ends 1 4b, 1 5b of the 
springs 1 4 and 15 are arranged adjacent to the wall 5c 
of the element 5 and, in particular, they rest on an an- 
nular friction lining 1 8 applied to the surface of the wall 
5c facing the hub 3. 

[0030] In the operation of the unit 1 , when the hub 3 
tends to rotate faster than the element 5, that is when 

the belt wound round the element 5 works in a traction 
condition, which corresponds to a constant speed of ro- 
tation of the engine, the springs 14 and 15 undergo a 
compressive stress due to the contact with the wall 5c, 
and tend to expand radially so as to interfere with the 
lining 18. In this condition, and therefore when small dif- 
ferences of the rotating speed occur, the behaviour of 
the connection means between the hub 3 and the ele- 
ment 5 is mainly elastic. When the tendency of the hub 
3 to assume a rotating speed greaterthan the rotating 
speed of the element 5 increases, that is under accel- 
eration conditions of the engine, the elastic characteris- 
tic of the connection means varies. In particular, when 
the angular phase-difference between the hub 3 and the 
element 5 grows, the torque transmitted to the springs 



14, 15 grows asymptotically, so that the connection 
means between the hub 3 and the element 5 tend to 
assume a behaviour similar to that of a substantially stiff 
joint when the speed difference between the hub 3 and 

5 the element 5 exceeds a predetermined value. 

[0031] When instead the hub 3 tends to rotate slower 
than the element 5, if the difference between the rotating 
speed is small , the effect of flexible coupling owed to the 
action of the springs 14 and 15, still prevails. When the 

10 tendency of the hub 3 to rotate slower than the element 
5 increases, as in the case of a sudden deceleration of 
the engine, in which condition the driven pulleys of the 
auxiliary apparatus tend to drive the belt because of their 
inertia, the springs 14 and 15 tend to contract and di- 

15 minish their pressure on the lining 1 8, so that the hub 3 
tends to uncouple from the ring-shaped element 5, 
which can freely rotate with respect to the hub 3, when 
the difference between the speeds of the hub 3 and the 
element 5 is less than a predetermined value. In this 

20 condition, the connection means carry out the function 
of an overrunning joint. 

[0032] Another embodiment of the unit 1 is illustrated 
in figures 3 and 4, wherein the same reference numerals 
have been used for indicating parts which are equal or 
25 similar to those of the embodiment previously de- 
scribed, in which embodiment the torsional damper, still 
generally indicated by the reference number 7, is of the 
viscous fluid type. 

[0033] In this embodiment, the hub 3 has a radial 
30 flange 3d, from whose end opposite to the radial outer 
surface 3a of the hub 3, a cylindrical axial wall 3e ex- 
tends, having a bent peripheral edge. 
[0034] The ring-shaped element 5, which is arranged 
freely rotatable outside the hub 3, has an outer wall 5a 
35 parallel to the wall 3e. The wall 5a has a radial inner 
surface spaced from the radial outer surface of the wall 
3e by a small gap, in such a way to form a cylindrical 
chamber 6 having a small radial thickness, between the 
wall 3e and the wall 5a, the aim of which will be more 
40 clear from the following of the description. 

[0035] The radial annular wall 5b extending from the 
wall 5a to the hub 3, which is in this case parallel to the 
flange 3d, is connected to an axial wall 5c which is par- 
allel to the wall 5a and adjacent to the surface 3a of the 
^5 hub 3. An L-shaped plain bearing 10 is interposed be- 
tween the surface 3a and the wall 5c, and has an axial 
portion whose function is to control the load applied by 
the belt to the unit 1 . 

[0036] Between the walls 3d, 3e which are connected 
50 to the hub 3 and the walls 5b, 5c of the element 5, an 
annular cavity 13 is defined in which the two spiral 
springs 1 4 and 1 5 with rectangular cross-section are ar- 
ranged, still wound round the hub 3 so as to undergo a 
compression load when the hub 3 tends to rotate faster 
55 than the element 5. The first ends 14a, 15a of the springs 
14 and 15 are bent so that each of them constitute a 
hook portion engaging a respective seat 5d, 5e formed 
on the surface of the wall 5c facing the cavity 13. The 
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second ends 1 4b, 1 5b of the springs 1 4 and 1 5 are ta- 
pered and arranged adjacent to the surface of the wall 
3e facing the cavity 13 and normally in abutment onto 
tooth-shaped radial appendages 18a extending from 
the wall 3e. The side of each of the appendages 1 8a 
opposite to that one on which an end 14b, 15b of the 
respective spring 14, 15 abuts, is slanted with respect 
to the tangent to the wall 3e, so as to promote the sliding 
of such ends when a clockwise rotation of the wall 3e 
occurs with respect to the wall 5c (reference being made 
to figure 4). 

[0037] A ring flange 19 parallel and adjacent to the 
wall 3d is then fixed, for example by screws, at the end 
edge of the wall 5b opposite to the wall 5b. The unit 
formed by the ring-shaped element 5 and by the annular 
flange 1 9 constitutes in this case the inertial mass of the 
torsional damper 7. The cylindrical chamber 6 contains 
a high viscosity liquid, typically silicone oil, providing a 
viscous connection between the inertial mass of the tor- 
sional damper 7 and the walls 3d and 3e connected to 
the hub 3. The viscosity of the liquid held in the chamber 
6 varies in function of thetemperature, so that it provides 
a viscous connection between the inertial mass of the 
torsional damper 7 and the walls 3d and 3e. In order to 
allow the circulation of the viscous liquid towards the cy- 
lindrical chamber 6, a plurality of radial through holes 21 
are formed in the wall 3e, which end, at their portion fac- 
ing the chamber 6, with respective collecting notches 
23. Moreover, a seat 20 for receiving an annular seal 
20a to prevent any discharge of the viscous liquid from 
the chamber 6 outside the unit 1 , is formed on the face 
of the flange 1 9 facing the wall 3d. 
[0038] A locking ring 25 is then fixed at the axial end 
of the hub 3 opposite to the wall 3d, for preventing the 
axial movements of the ring-shaped element 5 with re- 
spect to the hub 3. 

[0039] Still in this case, when the hub 3 tends to rotate 
faster than the element 5, that is in the normal working 
condition in which the engine operates in a steady state, 
the springs 14 and 15 undergo a compressive stress ow- 
ing to thefact that their ends 14a and 15a are connected 
to the wall 5c, while the ends 1 4b and 1 5b abut on the 
radial appendages 1 8a. For small differences between 
the rotating speeds of the hub 3 and the element 5, the 
behaviour of the connection means of the hub 3 and the 
element 5 is mainly elastic. When the tendency of the 
hub 3 to rotate faster than the element 5 increases, 
which happens in the case of an acceleration of the en- 
gine, the springs 1 4 and 1 5 tend to expand so that their 
free portion, that is the portion which does not abut on 
the wall 3e, and therefore the portion which is adapted 
to carry out an elastic action, is reduced, whereby the 
elastic behaviour of the connection means becomes 
more and more similar to that of a stiff joint. 
[0040] When the hub 3 tends to rotate slowerthan the 
element 5, with a small difference of speed, the springs 
1 4 and 1 5 still carry out a mainly elastic action. With the 
increase of the tendency of the hub 3 to rotate slower 



than the element 5 and beyond a predetermined thresh- 
old, as in the case of a sudden deceleration of the en- 
gine, the springs 14 and 15 tend to contract. Conse- 
quently, their pressure on the radial inner surface of the 
5 wall 3e decreases, so that the hub 3 tends to uncouple 
from the annular element 5, and the ends 1 4b, 1 5b can 
slide along the slanted walls of the appendages 1 8a, at- 
taining the operation of an overrunning joint until the de- 
celeration stops. 
10 [0041] A modification of the embodiment described 
with reference to figures 3 and 4 is illustrated in figures 
5 and 6. Again, in these figures the same reference nu- 
merals have been used in order to indicate parts which 
are equal or similar to those of the embodiments previ- 
15 ously described. 

[0042] In the unit 1 of this modification, a ring having 
a substantially l-shaped cross-section is fixed to the hub 
3, or made integral with it. Such a ring comprises a bush 
3b surrounding the hub 3, from which a disc-shaped wall 
20 3d radially extends. In correspondence ofthe outer edge 
of the wall 3d, a cylindrical wall 3e is fixed, whose edges 
axially opposite are bent towards the hub 3. 
[0043] The ring-shaped element 5 has a box-like 
shape adapted to receive inside it the I cross-section 
25 ring. In particular the outer wall 5a of the element 5 is 
arranged adjacent to the cylindrical wall 3e, being there 
a small radial gap between such walls in order to define 
a cylindrical chamber 6 for receiving the high viscosity 
fluid. A pair of parallel radial walls 5b, ending adjacent 
30 to the bush 3b, are fixed to the wall 5a. To each of the 
walls 5b an axial wall 5c, extending towards the wall 3d 
and ending close to it with a respective radial edge 5f, 
is connected. Between the walls 5c and the edges 5f on 
the one hand, and the corresponding portion of the bush 
35 3b and of the wall 3d on the other hand, a pair of plain 
L-shaped bearings 10 are interposed, which are ar- 
ranged symmetrically with respect to the wall 3d. 
[0044] The ring-shaped element 5 constitutes also in 
this case the inertial mass of the torsional damper, which 
40 is of the viscous type. 

[0045] The disc-shaped wall 3d forms a plate for di- 
viding the space contained between the two annular 
walls 5b in such a way that between each wall 5b and 
the wall 3d, a respective ring cavity 13 is defined. Pref- 
45 erably, in each cavity 1 3 a pair of spiral springs 1 4 and 
1 5 are arranged, in this case of the type having a circular 
cross-section. The springs 14 and 15 which, as in the 
previous embodiments, are arranged in such a way to 
work under compression when the hub 3 drives the ring- 
50 shaped element 5 into rotation, have each a first end 
14a, 15a abutting on a respective shoulder surface 5d, 
5e formed on the wall 5c (see figure 6), and a second 
tapered end 14b, 15b in abutment on tooth-shaped ra- 
dial appendages 1 8a extending from the wall 3e towards 
55 the hub 3. As an alternative, between the walls 5d and 
the corresponding edges 5f, and between the wall 3d 
and the bent edges of the wall 3e, V-shaped holding 
seats for the corresponding ends of the springs 1 4 and 
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each spiral spring (14, 15) has a first radial inner 
end (1 4a, 1 5a) inserted in a respective seat (3b, 3c) 
of the hub (3), and a second radial outer end (14b, 
1 5b) arranged substantially in contact with a portion 
5 (5c) of the ring-shaped elennent (5). 

4. Unit according to ciaim 3. characterized in that a 

friction lining (1 8) is interposed between the second 
end (14b, 15b) of each spiral spring (14, 15) and 
10 said portion (5c) of the ring-shaped elennent (5). 

5. Unit according to claim 4, characterized in that the 

friction lining (1 8) is a ring lining applied to said por- 
tion (5c) of the ring-shaped elennent (5). 

15 

6. Unit according to anyone of clainns 1 to 5, charac- 
terized in that an elastic torsional dannper (7) is as- 
sociated to the hub (3), said damper (7) comprising 
a portion (7a) fixed to the hub (3) and an inertial 

20 mass (7b), the portion (7a) fixed to the hub (3) and 
the inertiai mass (7b) being interconnected by an 
elastomeric insert (9). 

7. Unit according to claim 6, characterized in that at 
25 least a plain bearing (1 0) is interposed between the 

portion (7a) of the torsional damper (7) fixed to the 
hub (3) and the hng-shaped element (5). 

8. Unit according to claim 1 or 2, characterized in that 

30 each spiral spring (14, 15) has a first radial inner 
end (1 4a, 1 5a) inserted in a respective seat (5d, 5e) 
of the ring-shaped element (5) and a second radial 
outer end (14b, 15b) arranged substantially into 
contact with a portion (3e) of the hub (3). 

35 

9. Unit according to claim 8, characterized in that a 
plurality of fonnations (18a) extend from said por- 
tion (3e) of the hub (3), such formations (1 Ba) being 
adapted to form shoulders for the second ends 

40 (14b, 15b) of each spiral spring (14, 15). 

10. Unit according to claim 8 or 9, characterized in that 
said connection means comprise at least a spiral 

spring (14, 15) arranged in each annular cavity (13) 
45 of a pair of annular cavities (1 3) placed side by side 
and separated by a radial plate (3d). 
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15 might be defined, said seats having a wider zone fac- 
ing towards the respective cavity 13. In such a way, 
when the springs 1 4 and 1 5 tend to expand following to 
the arising of a tendency of the speed of the hub 3 to be 
greater than that one of the ring-shaped element 5, the 
respective ends 14a, 14b and 15a, 15b tend to wedge 
in such V-shaped seats in order to generate a forced 
connection of such ends, on the one hand with the hub 
3 and on the other hand with the element 5. 
[0046] The operation of this modification is quite sim- 
ilar to that one described with reference to the previous 
modification. 



Claims 

1. Pulley unit, in particular for an internal combustion 
engine, comprising: 

a hub (3) intended to be fastened at the end of 
a driving shaft, such as the crankshaft of an in- 
ternal combustion engine, 
a ring-shaped element (5) externally coaxial to 
the hub (3) and having a peripheral seat (5a) 
for the engagement by a belt which is wound 
round the pulley unit (1), and 
connection means interposed between the hub 
(3) and the ring-shaped element (5), said 
means being adapted to undergo elastic defor- 
mations as a result of the tendency of the hub 
(3) to assume a speed different from that of the 
ring-shaped element (5), in order to carry out 
the function of a flexible coupling at least for 
small variations of said speed difference, said 
connection means having a behaviour different 
depending on the tendency of the hub (3) to ro- 
tate faster or slower than the ring-shaped ele- 
ment (5), such that with the increase of the ten- 
dency of the hub (3) to rotate faster than the 
ring-shaped element (5) said means assume 
the behaviour of a flexible coupling with in- 
creasing stiffness, while with the increase of the 
tendency of the hub (3) to rotate slower than 
the ring-shaped element (5), said means tend 
to make the hub (3) uncoupled from the ring- 
shaped element (5), 

characterized in that the connection means 

comprise at least one metallic spiral spring (14, 15) 
wound so as to undergo a compressive stress when 
a tendency originates in the hub (3) to rotate faster 
than the ring-shaped element (5). 

2. Unit according to claim 1 , characterized in that it 
incorporates a torsional vibration damping device 
(7). 

3. Unit according to claim 2, characterized in that 



1 1 . Unit according to anyone of claims 8 to 1 0, charac- 
terized in that a viscous torsional damper (7) is as- 
sociated to the hub (3), said damper (7) comprising 
a portion (3d, 3e) fixed to the hub (3) and an inertial 
mass (5a, 5b, 5c, 19; 5a, 5b, 5c, 5f), wherein said 
portion fixed to the hub (3) and the inertial mass are 
separated to each other by a cylindrical chamber 
(6) of small thickness in which a high viscosity fluid 
is contained. 

12. Unit according to claim 11, characterized in that 
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holes (21) are formed in a wall (3e) of the cylindrical 
chamber (6), said holes (21 ) bringing the cylindrical 
chamber (6) into communication with at least an an- 
nular cavity (13). 

13. Unit according to anyone of claims 8 to 1 2, charac- 
terized in that at least a plain bearing (1 0) is inter- 
posed between the hub (3) and the ring-shaped el- 
ement (5). 

14. Internal combustion engine having a pulley unit ac- 
cording to anyone of claims 1 to 13. 
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